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Abstract
We show the property of light right-handed Dirac sneutrino dark matter candidate. While the light Dirac sneutrino is stringently
constrained by the invisible decay width of the Z boson, its scattering cross section with nucleon through the Z boson exchange
can be a large enough to account for possible signals observed at direct dark matter searches, such as CDMS II(Si) or CoGeNT.
Althrough the sneutrino scatters with mostly neutrons, a small part of the signal region for CDMS II(Si) events remains outside the
region excluded by XENON100(2012).
c© 2011 Published by Elsevier Ltd.
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1. Introduction
Light weakly interacting massive particles (WIMPs) with the mass around 10 GeV have received a lot of attention,
since several direct dark matter (DM) detection experiments such as DAMA/LIBRA [1], CoGeNT [2, 3], CRESST [4]
and CDMS II(Si) [5] have reported their data. However, these observations are challenged by the null results obtained
by other experimental collaborations, such as CDMS II [6, 7], XENON10 [8], XENON100 [9, 10] and SIMPLE [11].
It has been stressed that the signal region due to low-energy signals in CDMS II(Si) extends outside the XENON
exclusion limit [12].
The Fermi-LAT collaboration has derived stringent constraints on the s-wave annihilation cross section of WIMP
by analyzing the gamma-ray ﬂux from dwarf satellite galaxies [13]. In particular, in the light-mass region belowO(10)
GeV, the annihilation cross section times relative velocity 〈σv〉 of O(10−26)cm3/s, which corresponds to the correct
thermal relic abundanceΩh2  0.1, has been excluded.
Light WIMPs have been investigated as a dark matter interpretation of this positive data. In fact, very light
neutralinos in the minimal supersymmetric Standard Model (MSSM) [14, 15] and the next-to-MSSM (NMSSM) [16,
17] or very light right-handed (RH) sneutrinos in the NMSSM [18, 19, 20] have been regarded as such candidates.
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Figure 1. The eﬀective vertex between a sneutrino and the Z boson.
However, these candidates hardly avoid the above Fermi-LAT constraint or the upper bound on the invisible decay
width of the Higgs boson discovered at the Large Hadron Collider.
We show that mostly right-handed light Dirac sneutrino is a supersymmetricDM candidates and has a large enough
cross section with nucleons to account for possible signals observed at direct DM searches [21]. Dirac sneutrino
scatters oﬀ nuclei dominantly via the Z-boson exchange process through the suppressed coupling and mostly with
neutrons rather than protons. Thus, this Z-boson-mediated scattering does not relax the tension among direct DM
search experiments. A part of the signal region for CDMS II (Si) events [5] remains outside the excluded region by
XENON100 [10] nevertheless. We propose a speciﬁc particle model and study its cosmic dark matter abundance as
well as the constraints from indirect dark matter searches.
2. Dirac sneutrino dark matter direct detection
2.1. Invisible Z-boson decay
We consider light Dirac sneutrino DM scattering with nuclei through the Z-boson exchange process in the direct
detection experiments. However the possibility of a light sneutrino has been stringently constrained from the invisible
decay width of the Z boson. The LEP bound on the extra invisible decay width of the Z-boson is given as [22, 23]
ΔΓZinv < 2.0MeV (95%C.L.). (1)
If there is a light sneutrino which couples to the Z boson, the Z boson can decay into light sneutrinos. The decay
width of the Z boson into light sneutrino DM is given by
ΓZ→N˜N˜∗ =
|Ceﬀ |2g2MZ
192π cos2 θW
⎛
⎜⎜⎜⎜⎜⎝1 − 4
M2
N˜
M2Z
⎞
⎟⎟⎟⎟⎟⎠
3/2
, (2)
where Ceﬀ parametrizes the suppression in the sneutrino-sneutrino-Z boson coupling as shown in Fig. 1. For pure
left-handed sneutrinos, Ceﬀ = 1. This bound (1) corresponds to
Ceﬀ  0.15, (3)
for a few GeV dark matter particle. The contour plot of the invisible decay width is also shown in Fig. 3.
2.2. Direct detection
Dirac sneutrino DM can have elastic scattering with nuclei in the direct detection experiments. The most relevant
process is due to the Z-boson exchange as in Fig. 2. Since the Z boson dominantly couples with a neutron (as opposed
to a proton), we have neglected the contribution from scattering with a proton.
In Fig. 3, we show the contour of the Z-boson extra invisible decay width and the WIMP-neutron scattering cross
section in the plane of Ceﬀ and the dark matter mass MDM. The contours of the predicted scattering cross section with
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Figure 2. The diagrams for the elastic scattering of right-handed sneutrino dark matter with quarks.
a neutron (blue) are given in units of 10−40cm2 with those of the extra Z-boson invisible decay width (red). The red
region is disallowed by the LEP bound on the Z-boson extra invisible decay given in Eq.(1).
In Fig. 4, we show the WIMP-neutron scattering cross section versus dark matter mass. We show the constraint
from XENON100 [10], and the signals measured by CDMS II(Si) [5] and CoGeNT [24] with the contour of the Z-
boson extra invisible decay width. We ﬁnd that a still barely compatible region exists for a dark matter mass around 6
GeV and the WIMP-nucleon cross section σ(Z)n  10−40cm2.
3. Speciﬁc model
The discussion and conclusion in the previous section are model independent and were made applicable for any
scalar DM scattering with a nucleon dominantly through Z-boson exchange by introducing the coeﬃcient Ceﬀ . Since
we have treated Ceﬀ as a phenomenological parameter so far, here, we provide a speﬁcic particle model to realize this.
In fact, there is an available model proposed by us [25] by the supersymmetric extension of a neutrinophilic Higgs
doublet model [26, 27, 28].
3.1. Brief description of the model in Ref. [25]
The neutrinophilic Higgs model is based on the concept that the smallness of the neutrino mass might not come
from a small Yukawa coupling but rather from a small vacuum expectation value (VEV) of the neutrinophilic Higgs
ﬁeld Hν. As the result, neutrino Yukawa couplings can be as large as of the order of unity for a small enough VEV of
Hν.
The supersymmetric neutrinophilic Higgs model has a pair of neutrinophilic Higgs doublets Hν and Hν′ in addition
to up- and down-type two-Higgs doublets Hu and Hd in the MSSM [29]. A discrete Z2 parity is also introduced
to discriminate Hu(Hd) from Hν(Hν′), and the corresponding charges are assigned in Table 1. Under this discrete
symmetry, the superpotential is given by
W = yuQ · HuUR + ydQ · HdDR + ylL · HdER + yνL · HνN
+μHu · Hd + μ′Hν · Hν′ + ρHu · Hν′ + ρ′Hν · Hd, (4)
Fields Z2 parity Lepton number
MSSM Higgs doublets, Hu,Hd + 0
New Higgs doublets, Hν,Hν′ − 0
Right-handed neutrinos, N − 1
Table 1. The assignment of Z2 parity and lepton number.
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Figure 3. The contours of the predicted scattering cross section with
a neutron (blue) in 10−40cm2 and those of the extra Z-boson invisible
decay width (red) as a function of sneutrino mass and Ceﬀ . The red
region is disallowed by the LEP bound, ΔΓZinv < 2.0 MeV [23].
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Figure 4. The signal region and excluded region from direct dark mat-
ter searches [XENON100 (almost vertical line with black solid color),
CDMS II(Si) (big closed loop of crosses with purple color), and Co-
GeNT (small closed loop of crosses with turquoise color)], and the
magnitude of the corresponding Z-boson invisible decay width denoted
by ΔΓ = 1, 2, 4 MeV (red color).
where we omit generation indices and dots represent the SU(2) antisymmetric product. The Z2 parity plays a crucial
role in suppressing tree-level ﬂavor-changing neutral currents and is assumed to be softly broken by tiny parameters
of ρ and ρ′( μ, μ′). Here, we do not introduce lepton-number-violatingMajorana mass for the RH neutrino N unlike
in Refs. [29, 30] to realize a Dirac (s)neutrino.
By solving the stationary conditions for the Higgs ﬁelds, one ﬁnds that tiny soft Z2-breaking parameters ρ, ρ′
generate a large hierarchy of vu,d(≡ 〈Hu,d〉)  vν,ν′(≡ 〈Hν,ν′〉). It is easy to see that neutrino Yukawa couplings yν can
be large for small vν using the relation of the Dirac neutrino mass mν = yνvν. For vν ∼ 0.1 eV, it gives yν ∼ 1. At
the vacuum of vν,ν′  vu,d, physical Higgs bosons originating from Hu,d are almost decoupled from those from Hν,ν′ ,.
Thus, our model does not suﬀer from a large invisible decay width of the SM-like Higgs boson h even for a large yν
and a light dark matter. Although the RH sneutrino N˜ has very suppressed interactions with the SM-like Higgs boson
or Z boson at tree level, radiative corrections induce a sizable coupling between RH sneutrinos and the Z boson. This
loop induced vertex is dominantly generated by the scalar (Hν-like Higgs boson and ν˜L) loop 3 and then we obtain
Ceﬀ =
(−i)(yνAν)2
12(4π)2M2
, (5)
where for simplicity we take equal masses for particles in the loop, M = MHν = Mν˜L . By comparing Fig. 4 and Eq. (5),
we ﬁnd the parameter set
yν Aν  14.4 M and MDM  6GeV, (6)
can explain the CDMS II (Si) result.
3.2. Cosmic relic density
The dominant tree-level annihilation mode of N˜ in the early Universe is the annihilation into a lepton pair N˜N˜∗ →
f¯1 f2 mediated by the heavy Hν-like Higgsinos. In addition, the sneutrino has a sizable annihilation cross section into
3The fermion loop contribution is suppressed by helicity.
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two photons through a one-loop diagram, which has been pointed out in Ref. [25]. The charged components of the Hν
scalar doublet and charged scalar fermions make the triangle or box loop diagram, and the two photons can be emitted
from the internal charged particles. For the mass spectrum we are interested in now, MHν ,Ml˜  MN˜ , we obtain the
annihilation cross section to two photons via one loop as
〈σv〉2γ 
α2em
8π3
y4ν(A
2
ν + μ
′2)2
M4ch
4
M2
N˜
, (7)
where we have used MHν = MH′ν = Ml˜ ≡ Mch for simplicity. The total annihilation cross section of RH sneutrino DM
is given by 〈σv〉 = 〈σv〉 f f¯ + 〈σv〉2γ. Now if we attempt to reproduce the latest CDMS II(Si) data by taking a parameter
set given by Eq. (6), we ﬁnd that two-photon production via one loop is dominant as
〈σv〉  〈σv〉2γ  10−3 GeV−2. (8)
Then, DM appears to not have the correct relic abundance if the relic density is determined from its thermal freeze-out.
However, we know that our Universe is baryon asymmetric and can expect that lepton asymmetry is also nonvanishing.
In fact, the sphaleron process, which interchanges baryons and leptons, plays an important role in many baryogenesis
mechanism and leaves a similar amount of baryon asymmetry and lepton asymmetry [31],
nB
s
∼
nL
s
= O(10−10). (9)
Since a Dirac sneutrino carries a lepton number and has a large annihilation cross section [as in Eq. (8)], our sneutrino
is one of the natural realizations of the so-called asymmmetric dark matter (ADM) [32, 33, 34, 35], and in our model
only N˜ remains after annihilation with N˜∗. Thus, the relic abundance is actually determined by its asymmetry and the
mass. For a novanishing sneutrino asymmetry similar to the baryon asymmetry,
YN˜ ≡
nN˜ − nN˜∗
s
= O(10−10), (10)
and a mass of about 5 − 6 GeV, the correct relic density for dark matter ΩN˜h2  0.1 is obtained.
We note that our model is free from any indirect search for DM annihilation; in other words, DM annihilation
cannot produce any signal because of the ADM property, namely, the absence of anti-DM particles in our Universe.
4. Conclusion
We have shown that mostly right-handed Dirac sneutrinos are a viable supersymmetric light DM candidate and
have a large enough cross section with nucleons to account for possible signals observed at direct DM searches. The
Z-boson-mediated scattering does not relax the tension among direct DM search experiments and is constrained by
the invisible decay width of the Z boson. Nevetherless, we have found that a part of the signal region for CDMS
II (Si) events remains outside the excluded region by XENON100. As an example of speciﬁc particle models, we
have shown that a Dirac right-handed sneutrino with neutrinophilic Higgs doublet ﬁelds is a viable light dark matter
candidate.
We here note that, after the publication of our paper [21], the ﬁrst result by the LUX Collaboration [36] has been
announced and seems to exclude the parameter region of the particle model presented in the section 3.
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